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TITLE OF THE INVENTION 
NON-VOLATILE SEMICONDUCTOR STORAGE DEVICE PERFORMING 
ROM READ OPERATION UPON POWER-ON 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the 

benefit of priority from the prior Japanese Patent 
Application No. 2002-316350, filed October 30, 2002, 
the entire contents of which are incorporated herein 
by reference. 
10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
storage device in which for example, redundancy 
addresses and data used to adjust the levels of various 
15 voltages generated inside chips are stored in memory 

cells as fuse data. Furthermore, the present invention 
relates to a non-volatile semiconductor storage device 
that reads the fuse data from the memory cells upon 
power-on. 

20 2. Description of the Related Art 

Semiconductor memories normally store, as fuse 
data, redundancy addresses and initial data required to 
adjust the levels of various voltages generated inside 
chips. Fuses that store fuse data include, for 

25 example, laser fuses that can be blown when irradiated 

with laser light, electric fuses that control a current 
conductive state by electrically breaking down a 
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transistor or capacitor element, and ROM fuses that 
uses some memory cells as a fuse area. A ROM fuse is 
used for a non-volatile memory. 

A non-volatile memory provided with a ROM fuse 
5 generates a power-on reset signal upon power-on. In 

response to the power-on reset signal, a reset 
operation is performed on all circuits inside chips 
which must be reset. Further, the fuse data stored in 
the ROM fuses are read and held by a latch circuit. 

10 FIG. 1 shows variations in power voltage VCC and 

current consumption ICC in a non-volatile memory, in 
which a ROM read operation is performed to read the 
fuse data from ROM fuses and set it in a latch circuit. 
In the following example, in particular, a NAND flash 

15 memory will be described as a non-volatile memory. 

When a power voltage VCC rises to reach a power-on 
detection level, a power-on detecting circuit outputs a 
power-on reset signal. The power-on reset signal is 
supplied to a ROM read control circuit. Furthermore, 

20 the ROM read control circuit outputs a ROM read 

activation signal to start a ROM read operation. The 
ROM read operation is exactly the same as a normal read 
operation except that an access region is a ROM fuse 
region and that the ROM read operation includes an 

25 operation of setting read ROM fuse data in a latch 

circuit of a peripheral logic circuit. 

During a ROM read operation, current consumption 
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has a large peak value during an initial stage of the 
read operation because bit lines must be precharged. 
Subsequently, during data set (latch) , the current 
consumption has a uniform small value. That is, during 
5 a read operation, a large current of about several mA 

on the average flows because various voltage generating 
circuits operate including a booster circuit required 
for read operations. Once the read operation is 
completed, data sensed by a sense amplifier is 

10 transferred to the peripheral circuit, where it is 

latched. At this time, the booster circuit need not 
operate, thus reducing a value for current consumption. 

The recent non-volatile memories are widely used 
as inexpensive mass memories partly because of the use 

15 of fine-grained elements. Thus, a plurality of, e.g. 

four or eight memory chips are accommodated in the same 
package . 

In a non-volatile memory provided with a plurality 
of memory chips in this manner, when the power voltage 

20 rises, a power-on reset operation is performed 

concurrently in the individual memory chips. 
Accordingly, a ROM read operation for loading fuse data 
is performed concurrently in all memory chips. 
Subsequently, when a user inputs, for example, a read 

25 command to address a memory region of a particular 

memory chip, a normal read operation is performed. 

The normal operation activated by a command input 
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after the power-on reset operation does not create any 
problems because it is impossible that the plurality of 
chips operate simultaneously. However, with a ROM read 
operation, no external addresses are input, and the 
5 device is automatically activated upon power-on. 

Accordingly, a ROM read operation is started 
concurrently in the individual memory chips. Thus, if 
there are virtually no differences in power-on 
detection timing among the power-on detecting circuits 

10 in the individual memory chips, a ROM read operation is 

started concurrently in all memory chips. The current 
consumption during a ROM read operation increases 
simply by a factor of four or eight compared to a 
single memory chip. 

15 That is, in the prior art, when a non-volatile 

memory is constructed using a plurality of memory 
chips, it consumes a large amount of current 
immediately after power-on. Accordingly, if the system 
does not have a sufficient power supply capability, a 

20 value for the power voltage may decrease. Thus, for a 

non-volatile memory using a plurality of memory chips, 
it is desirable to reduce current consumption 
immediately after power-on. 

BRIEF SUMMARY OF THE INVENTION 

25 According to an aspect of the present invention, 

there is provided a non-volatile semiconductor storage 
device comprises a ROM region which stores fuse data, 
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at least one pad to which a signal is supplied, and a 
read control circuit connected to the ROM region and 
the at least one pad to receive a power voltage and 
control reading of fuse data from the ROM region after 
the power voltage has reached a predetermined level 
during a rise so as to control timing for activating an 
operation of reading the fuse data, according to the 
signal supplied to the at least one pad. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a waveform diagram showing variations in 
power voltage and current consumption in a non-volatile 
memory; 

FIG. 2 is a circuit diagram showing the internal 
configuration of a non-volatile memory chip according 
15 to a first embodiment; 

FIG. 3 is a circuit diagram of a non-volatile 
memory using a plurality of memory chips one of which 
is shown in FIG. 2; 

FIG. 4 is a block diagram showing the internal 
20 configuration of a power-on reset circuit and a control 

circuit in the memory chip shown in FIG. 2; 

FIG. 5 is a timing chart showing an example of an 
operation performed by the non-volatile memory shown in 
FIG. 3; 

25 FIGS. 6A and 6B are circuit diagrams showing an 

example of a detailed configuration of a delay circuit 
in FIG. 4; 
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FIG* 7 is a circuit diagram specifically showing a 
decoder circuit in FIG. 6; 

FIG . 8 is a circuit diagram showing another 
detailed configuration of the delay circuit in FIG . 4; 
5 FIG. 9 is a diagram showing the forms of waves 

generated in essential parts of the delay circuit shown 
in FIG. 8; 

FIGS. 10A and 10B are circuit diagrams showing 
specific configurations of a variable resistance 
10 circuit in FIG. 8; 

FIG. 11 is a circuit diagram showing a specific 
configuration of a variable capacitor circuit in 
FIG. 8; 

FIG. 12 is a block diagram showing a detailed 
15 configuration of a power-on reset circuit according to 

a second embodiment; 

FIG. 13 is a circuit diagram showing a detailed 
configuration of a power-on reset circuit according to 
a third embodiment; 
20 FIG. 14 is a circuit diagram showing a detailed 

configuration of a constant current circuit in FIGS. 12 
and 13; 

FIG. 15 is a circuit diagram showing a detailed 
configuration of a reference voltage circuit in 
25 FIGS. 12 and 13; 

FIG. 16 is a block diagram showing the internal 
configuration of a power-on reset circuit and a control 
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circuit according to a fourth embodiment; 

FIG. 17 is a timing chart showing an example of an 
operation performed by the non-volatile memory shown in 
FIG. 16; 

5 FIG. 18 is a circuit showing a detailed 

configuration of a power-on level detecting circuit in 
FIG. 16; 

FIG. 19 is a block diagram showing the internal 
configuration of a power-on reset circuit according to 
10 a fifth embodiment; 

FIG. 20 is a circuit diagram showing a detailed 
configuration of a VCC detecting circuit in FIG. 19; 

FIG. 21 is a block diagram showing the internal 
configuration of a power-on reset circuit and a control 
15 circuit according to a sixth embodiment; 

FIG. 22 is a circuit diagram showing a detailed 
configuration of a fuse circuit in FIG. 21; 

FIG. 23 is a block diagram showing the internal 
configuration of a power-on reset circuit and a control 
2 0 circuit according to a seventh embodiment; and 

FIG. 24 is a timing chart showing an example of an 
operation performed by the non-volatile memory shown in 
FIG. 23. 

DETAILED DESCRIPTION OF THE INVENTION 
25 The present invention will be described below with 

reference to the drawings using its embodiments. 
Corresponding components are denoted by the same 
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reference numerals throughout the drawings. Duplicate 
description is omitted. 
(First Embodiment) 

FIG. 2 is a block diagram showing the internal 
5 configuration of a non-volatile memory chip according 

to a first embodiment. This figure shows the internal 
configuration of one memory chip in a non-volatile 
memory configured, for example, to accommodate a 
plurality of, e.g. four memory chips in the same 

10 package as shown in FIG. 3. Further, this figure shows 

a NAND flash memory chip. 

Each chip is provided with a memory cell array 11, 
an address buffer 12, a column decoder 13, a row 
decoder 14, a sense amplifier 15, a latch circuit 16, 

15 an I/O buffer 17, a power-on reset circuit 18, a 

control circuit 19, a voltage generating circuit 20, 
and other circuits. 

The memory cell array 11 has not only an ordinary 
memory cell region 11a that stores data but also a ROM 

20 region lib that stores various data (fuse data) that 

must be read after power-on, such as replacement data 
used to replace defective cells present in the memory 
cell array 11 with other redundancy cells and trimming 
data used to adjust a timer and various voltage 

25 generators. 

A column address input to the address buffer 12 is 
input to the column decoder 13 and then decoded by the 
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decoder 13. A row address also input to the address 
buffer 12 is input to the row decoder 14 and then 
decoded by the decoder 14. On the basis of the 
specified addresses, data is written to a memory cell 
5 in the memory cell region 11a or is read from a memory 

cell. When data is read, the read data is output via 
the sense amplifier 15, the column decoder 13, and the 
I/O buffer 17. When data is written, write data is 
supplied to the memory array 11 through a path contrary 

10 to the one used for a read operation. Further, the 

fuse data stored in the ROM region lib is transmitted 
to the latch circuit 16 via the sense amplifier 15 and 
the column decoder 13. The data is then held in the 
latch circuit 16. 

15 The voltage generating circuit 20 uses an 

externally supplied power voltage VCC to generate 
various internal voltages such as a reference voltage 
VREF and a program voltage Vpg. 

The power-on reset circuit 18 remains at an "L" 

20 level after the device has been powered on and before 

the power voltage reaches a predetermined voltage 
level. Once the predetermined voltage level has been 
reached, the power-on reset circuit 18 changes to 
an XX H" level to generate a power-on reset signal. 

25 The power-on reset signal is input to the control 

circuit 19. 

On the basis of the power-on reset signal, the 
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control circuit 19 outputs control signals that 
initialize the address buffer 12, the column decoder 
13, the row decoder 14, the sense amplifier 15, the 
latch circuit 16, and the voltage generating circuit 
5 20, respectively. 

Further, simultaneously with initialization of 
each of the above circuits, the control circuit 19 
outputs a control signal used to provide control 
required to read the fuse data stored in the ROM region 

10 lib and set it in the latch circuit 16. An operation 

of reading the fuse data stored in the ROM region lib 
and setting it in the latch circuit 16 is called a x> ROM 
read operation". 

A mass non-volatile memory is constructed by using 

15 and accommodating a plurality of, e.g. four memory 

chips such as the one shown in FIG. 2, in the same 
package. In this case, as shown in FIG. 3, wires 
shared by the four memory chips are used to connect 
together a power pad (VCC) , various pads used to input 

2 0 control signals or commands such as a power pad (VCC) , 

/CE (chip enable signal), /WE (write enable signal), 
and /RE (read enable signal), and I/O pads. 

Further, in addition to the above pads, each of 
the four pads is provided with two pads P0 and PI used 

25 to receive an input 2-bit address CADDO, CADD1 that 

specifies a chip address. Voltages corresponding to 
each chip address are connected to the corresponding 
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two chip-address-specifying pads by bonding wires. 
Different chip addresses are set for the respective 
memory chips depending on the voltages supplied to the 
two pads . 

5 To externally access the individual memory chips, 

commands, addresses, and data are input and output as 
in the case with one memory chip. An address from an 
address space four times as large as that in the case 
with one memory chip is input to the memory chips. The 

10 plurality of memory chips simultaneously receive the 

address and individually determine which memory chip 
corresponds to the received address. Then, only the 
corresponding chip is operated. 

Now, it is assumed that data is to be read. To 

15 perform a read operation, an external read command is 

input, and subsequently an address is input. If it is 
assumed that each memory chip is internally provided 
with IK (= 1,024) word lines, a 10-bit row address is 
input because 1,024 is the 10th power of 2. However, 

20 since it is assumed that the memory is provided with 

four memory chips, the address space is four times as 
large as that in the case with one memory chip. 
Consequently, 4K row addresses are provided, so that an 
address is represented by 10 + 2 = 12 bits. The added 

25 two bits indicate a chip address. Accordingly, the 

input 2-bit row address is compared with the 2-bit chip 
address CADDO, CADD1, determined by bonding, to enable 



12 



operations of the memory chip for which these addresses 
match each other. Then, although the memory is 
provided with the plurality of memory chips, it appears 
that one memory chip having a quadruple memory capacity 
5 is operating if the package is viewed from the outside. 

The number of chip address specifying pads is not 
limited to two. For example, if eight memory chips are 
accommodated in the same package, three chip address 
specifying pads are provided. If 16 memory chips are 

10 accommodated in the same package, four chip address 

specifying pads are provided. 

FIG. 4 shows the internal configuration of the 
power-on reset circuit 18 and the control circuit 19 in 
each memory chip of a non-volatile memory in which four 

15 memory chips are accommodated in the same package as 

shown in FIG. 3. 

The power-on reset circuit 18 is composed of a 
power-on level detecting circuit 18a and a delay 
circuit 18b. The power-on level detecting circuit 18a 

20 detects the power voltage to output a power-on reset 

signal. The delay circuit 18b delays the power-on 
reset signal. 

The two chip address specifying pads P0 and PI are 
connected to the delay circuit 18a. The delay circuit 

25 18b has its delay time controlled according to the chip 

address bits CADDO and CADD1 supplied to these two 
pads, respectively. 
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The power-on reset signal is delayed in order to 
ensure the time required to stabilize the operations of 
a constant current circuit, a reference voltage 
circuit, and others provided in the chip after power- 
5 on. The delay operation is required particularly if 

the power supply starts up at high speed. 

The control circuit 19 is composed of an 
initialization control circuit 19a that outputs a 
control signal for initializing the internal state of 

10 each of the address buffer 12, the column decoder 13, 

the row decoder 14, the sense amplifier 15, the latch 
circuit 16, and the voltage generating circuit 20, and 
a ROM read control circuit 19b that outputs a control 
signal for controlling a ROM read operation. 

15 Table 1 shows an example of the chip address bits 

CADDO and CADD1 supplied to the two chip address 
specifying pads P0 and PI, respectively, of each of the 
four memory chips, as well as the delay time in the 
delay circuit 18b. 

20 

Table 1 



Chip No. 


CADDO 


CADD1 


Delay time 


1 


W L" 


W L" 


tl|J.S 


2 




W H" 


t2|AS 


3 


„ H „ 


"L" 


t3f4.S 


4 


"H" 


"H" 


t4|is 



Table 1 shows that the chip address (CADDO, CADD1) 
25 and the delay time are set at ("L", W L") and tlp-s, 
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respectively, for the memory chip 1, ("L", "H") and 
t2|as, respectively, for the memory chip 2, ("H", "L") 
and t3|xs, respectively, for the memory chip 3, and 
( W H", "H") and t4|xs, respectively, for the memory chip 

5 4. However, the relationship tl<t2<t3<t4 is 

established for the time tl to t4 . 

Now, operations of the non-volatile memory 
configured as described above will be described with 
reference to the timing chart in FIG. 5. 

10 When the power voltage VCC rises and its value 

reaches a power-on detection level, the power-on level 
detecting circuit 18a in each memory chip outputs a 
power-on reset signal. FIG. 5 shows the power-on reset 
period in which the power-on reset signal remains at 

15 the *L" level, as "power-on". Further, in FIG. 5, 

there is no differences among the four memory chips 
during the power-on reset period. Subsequently, the 
power-on reset signal is delayed a predetermined time 
by the delay circuit 18b. FIG. 5 shows the delay 

20 period as "Delay". In this case, the delay time in the 

delay circuit 18b is controlled by the 2-bit signal 
supplied to the pads for the chip address CADDO, CADD1 . 
Timing for clearing the resetting of the delayed power- 
on reset signal is sequentially shifted among the 

25 chips. Once the delay period ends, the ROM read 

control circuit 19b outputs a control signal that 
controls a ROM read operation, to activate a ROM read 
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operation. 

In this case, the delay time in the delay circuit 
18b is sequentially shifted among the memory chips. 
That is, it is set at tlfis for the memory chip 1, t2jas 
5 for the memory chip 2, t3|is for the memory chip 3, and 

t4|as for the memory chip 4. Accordingly, timing for 
activating a ROM read operation is sequentially shifted 
among the four memory chips. Thus, the timing with 
which the value for the current consumption of a ROM 

10 read operation exhibits a peak varies among the 

individual chips. This prevents the current consump- 
tion from increasing immediately after power-on if a 
plurality of non-volatile memory chips are used. This 
in turn eliminates the possibility of reducing the 

15 power voltage immediately after power-on, thus avoiding 

degradation of the power supply capability of the 
system. 

FIGS. 6A and 6B show an example of a detailed 
configuration of the delay circuit 18b in FIG. 3. The 

20 delay circuit 18b is composed of a clock signal 

generating circuit 31, shown in FIG. 6A, and a counter 
circuit 32 and a decoder circuit 33, both of which are 
shown in FIG. 6B. 

The clock signal generating circuit 31 receives a 

25 power-on reset signal POR output by the power-on level 

detecting circuit 18a in FIG. 3 and an output signal 
OUT from the decoder circuit 33. The clock signal 



16 



generating circuit 31 starts operations after the 
power-on reset signal POR changes to the "H" level, to 
generate a clock signal CLK for a specified period. It 
stops operations after the signal OUT changes to the 
5 "H" level. 

Specifically, the clock signal generating circuit 
31 is configured as follows: 

A NAND gate 41 is supplied with the power-on reset 
signal POR and the output signal OUT from the decoder 

10 circuit 33. An output signal from the NAND gate 41 is 

inverted by an inverter circuit 42. Delay circuits 43 
and 44 have delay times DLO and DL1, respectively. 
Output signals from the delay circuits 43 and 44 are 
inverted by inverter circuits 45 and 46, respectively. 

15 Output signals from the inverter circuits 42 and 4 6 are 

supplied to a NAND gate 47. An output signal from the 
NAND gate 47 is supplied to a reset input terminal Rn 
of an SR-type flip flop circuit (SR-F/F) 49 via an 
inverter circuit 48. An output signal from the 

20 inverter circuit 45 is supplied to a set input terminal 

Sn of the flip flop circuit 49. A signal from a Q 
output terminal of the flip flop circuit 49 is supplied 
to a NAND gate 50 together with an output signal TMRSTn 
from the inverter circuit 42. A signal from a Qn 

25 terminal is supplied to a NAND gate 51 together with 

the signal TMRSTn. An output signal from the NAND gate 
50 is supplied to the delay circuit 44 and an inverter 



circuit 53 via an inverter circuit 52. An output 
signal from the NAND gate 51 is supplied to the delay 
circuit 43 via an inverter circuit 54. Then, a clock 
signal CLK is output by the inverter circuit 53. 

The clock signal generating circuit 31 configured 
as described above operates as follows: It is assumed 
that the output signal OUT from the decoder circuit 33 
remains at the "H" level before the power-on reset 
signal POR changes to the "H" level. Then, when the 
signal POR changes to the "H" level, the output signal 
from the NAND gage 41 and the signal TMRSTn change to 
the "L" and "H" levels, respectively, to open the NAND 
gate 47, 50, and 51. 

Further, the output signals from the delay circuit 
4 4 and the inverter circuit 4 6 remain at the "L" and 
"H" levels, respectively, before the power-on reset 
signal POR changes to the "H" level. Accordingly, the 
output signal from the inverter circuit 48 changes to 
the "L" level to reset the flip flop circuit 49. 

This reset operation changes the signal from the Q 
output terminal to the "L" level, while changing the 
signal from the Qn output terminal to the "H" level. 
In this state, the signal POR changes to the "H" level, 
while the signal TMRSTs changes to the "H" level. 
Thus, the NAND gate 51 is opened to input the "H" level 
signal to the delay circuit 43 via the NAND gate 51 and 
the inverter circuit 54. Then, once the delay time DLO 
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in the delay circuit 43 has elapsed, the flip flop 
circuit 49 is set. Thus, the signal from the Q output 
terminal is inverted to the "H" level, while the signal 
from the Qn output terminal is inverted to the "L" 

5 level. Subsequently, the "H" level signal is input to 

the delay circuit 44 via the NAND gate 50 and the 
inverter circuit 52. Then, once the delay time DL1 in 
the delay circuit 44 has elapsed, the flip flop circuit 
49 is reset. Thus, the signal from the Q output 

10 terminal is inverted to the "L" level, while the signal 

from the Qn output terminal is inverted to the "H" 
level. Subsequently, similar operations are repeated 
until the signal OUT changes to the "L" level. Thus, 
the inverter circuit 53 outputs a clock signal CLK for 

15 which one period equals (DLO + DL1) . 

When the signal OUT changes to the "L" level, the 
output signal from the NAND gate 41 changes to the M H" 
level, while the signal TMRSTn changes to the W L" 
level. Thus, the NAND gates 47, 50, and 51 are closed 

20 to preclude the clock signal CLK from being output. 

The counter circuit 32 starts operations after the 
power-on reset signal POR has changed to the W H" level. 
It counts the clock signal CLK in a frequency dividing 
manner to output a count signal TMi composed of a 

25 plurality of bits (i bits) consisting of binary numbers. 

The decoder circuit 33 compares the count signal 
TMi output by the counter circuit 32 with the 2-bit 



19 - 



chip address CADDO, CADD1 . The decoder circuit 33 then 
inverts the output signal OUT, which is initially at 
the W H" level, to the "L" level after both values have 
met a predetermined relationship. 
5 FIG. 7 shows a specific example of the decoder 

circuit 33. In this example, the decoder circuit 33 
inverts the output signal OUT to the "L" level after 
the counter circuit 32 has counted clock signals CLK up 
to an arbitrary number between 12 and 15. 
10 The least significant bit of the count signal TMi 

(in this example, four bits TMO to TM3) from the 
counter circuit 32 is supplied to an exclusive OR gate 
61 together with the lower bit chip address CADDO. 
Likewise, the count signal TMI, which is one bit higher 
15 than the signal TMO, is supplied to an exclusive OR 

gate 62 together with the higher bit chip address 
CADD1. Output signals from the exclusive OR gates 61 
and 62 are supplied to a NAND gate 65 via inverter 
circuits 63 and 64, respectively. Furthermore, an 
20 output signal from the NAND gate 65 is supplied to one 

of the input terminals of a NAND gate 67 via an 
inverter circuit 66. The power voltage VCC is supplied 
to the other input terminal of the NAND gate 67. The 
count signals TM2 and TM3, which are higher than the 
25 signal TMI, are both supplied to a NAND gate 68. The 

output signals from the NAND gates 67 and 68 are 
supplied to a NOR gate 69. Then, an output signal OUT 
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is output by an inverter circuit 70 that inverts an 
output signal from the NOR gate 69. 

With the decoder circuit 33 configured as 
described above, provided that the chip address bits 
5 CADDO and CADD1 are both set at, for example, the XX L" 

level, the output signal OUT is inverted to the XX L" 
level when the count signals (TMO, TM1, TM2, and TM3) 
are set to PL", "L", M H", X) , i.e. after the counter 
circuit 32 has counted 12 clock signals CLK. Further, 

10 in this state, as a value for the combination of the 

chip address bits CADDO and CADD1 increments by ones 
according to the decimal scale, the number of clock 
signals CLK increments by ones with which the output 
signal OUT is inverted to the "L" level after the 

15 counter circuit 32 has counted the predetermined number 

of clock signals CLK. 

In this case, it is assumed that the clock signal 
CLK has a basic period of 2 (is and that the chip 
address CADDO, CADD1 is set so that the count in the 

20 counter circuit 32 with which the output signal OUT 

from the decoder circuit 33 is inverted to the "L" 
level is 12 for the memory chip 1, 13 for the memory 
chip 2, 14 for the memory chip 3, and 15 for the memory 
chip 4. In FIGS. 4 and 5, delay time tl is 24 |is, 

25 delay time t2 is 26 (is, delay time t3 is 28 (as, and 

delay time t4 is 30 jj,s . 

FIG. 8 shows an example of another detailed 
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configuration of the delay circuit 18b in FIG. 3. This 
delay circuit is composed of a constant current circuit 
81, an operational amplifier 82, a latch circuit 83, 
and other circuits. The delay circuit 18b may be the 
5 one disclosed in, for example, Jpn. Pat. Appln. KOKAI 

Publication No. 8-190798. Further, FIG. 9 shows the 
forms of waves generated in essential parts of the 
delay circuit shown in FIG. 8. 

When the power-on reset signal POR changes to the 

10 W H" level, a PMOS transistor Ml in the constant current 

circuit 81 is turned on to conduct a constant current 
Iref through an NMOS transistor M2 via a variable 
resistance circuit 84. The constant current Iref is 
mirrored by an NMOS transistor M3 having a gate 

15 connected to a gate of the NMOS transistor M2 . The 

constant current Iref causes charges already stored in 
a variable capacitor circuit 85 to be released. A node 
Nl at one terminal of the variable capacitor circuit 85 
is connected to one of the input nodes of the 

20 operational amplifier 82. This discharge reduces the 

potential at the node Nl . Then, the operational 
amplifier 82 detects that the potential at the node Nl 
has decreased below the potential at a node NO, the 
other input node of the operational amplifier 82. This 

25 detection result is latched by the latch circuit 83. 

That is, the output signal OUT changes to the "H" level 
a predetermined time after the power-on reset signal 
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POR has changed to the "H" level. 

When the output signal OUT changes to the "H" 
level, an NMOS transistor M4 connected to the node Nl 
is turned on to emit all charges from the variable 
5 capacitor circuit 85. 

When the power-on reset signal POR changes to the 
"L" level, the delay circuit 18b is reset to 
immediately change the output signal OUT to the *L" 
level. That is, a PMOS transistor M5 connected to an 
10 input node N2 of the latch circuit 83 is turned on to 

provide the power voltage VCC to the node N2 . Then, 
the signal OUT, the output signal from the latch 
circuit 83, changes to the XX L" level. Further, a PMOS 
transistor M6 connected to the node Nl is turned on to 
15 start charging the variable capacitor circuit 85 via 

the PMOS transistor M6 . 

In this manner, the delay circuit shown in FIG. 8 
operates as a unidirectional type that delays the 
power-on reset signal POR only when the signal POR 
20 rises to the "H" level. When the threshold voltage of 

the NMOS transistor M2 and the resistance value of the 
variable resistance circuit 84 are defined as Vthn and 
R, respectively, a value for the constant current Iref 
is given by: 

25 Iref = (VCC - Vthn) /R ... (D 

On the other hand, when the delay time from the 
start of discharging of the variable capacitor circuit 
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85 until the potential at the node Nl becomes equal to 
the potential Vthn at the node NO is defined as T, and 
the capacitance value of the variable capacitor circuit 
85 is defined as C, the following equation is 
5 established: 

Iref • T = (VCC - Vthn) • C ... (2) 

Then, when Equation (1) is substituted into 
Equation (2), T = R • C is obtained. 

Therefore, the delay time T can be controlled by 
10 changing one or both of the resistance value R of the 

variable resistance circuit 84 and the capacitance 
value C of the variable capacitor circuit 85 according 
to the 2-bit chip address CADDO, CADD1 . 

Now, description will be given of an example of a 
15 specific configuration of the variable resistance 

circuit 84 and the variable capacitor circuit 85. 

FIGS. 10A and 10B show different examples of the 
variable resistance circuit 84. The variable 
resistance circuit shown in FIG. 10A is configured so 
20 that a required number of series circuits are connected 

together in parallel each of which is composed of a 
resistor 91 and an NMOS transistor 92. The variable 
resistance circuit shown in FIG. 10B differs from the 
one shown in FIG. 10A in that a PMOS transistor 93 is 
25 used in place of the NMOS transistor 92. 

With the variable resistance circuit configured as 
described above, the resistance value R can be 
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controlled by changing the number of NMOS transistors 
92 or PMOS transistors 93 that are simultaneously 
turned on according to the 2-bit address CADDO, CADD1 
or changing the resistance value of the resistor 91 and 
5 then selectively turning the NMOS transistor 92 or the 

PMOS transistor 93 on, 

FIG. 11 shows an example of a specific 
configuration of the variable capacitor circuit 85, 
This variable capacitor circuit is configured so that a 

10 required number of parallel circuits are connected 

together in parallel each of which includes a capacitor 
96 connected in series with a CMOS transfer gate 
including an NMOS transistor 94 and a PMOS transistor 
95 connected together in parallel. 

15 With the variable capacitor circuit configured as 

described above, the capacitance value C can be 
controlled by changing the number of CMOS transfer 
gates that are simultaneously turned on according to 
the 2-bit address CADDO, CADD1 or changing the 

20 capacitance of the capacitor 96 and then selectively 

turning the CMOS transfer gate on. 

The delay circuits 43 and 44 in FIG. 6 may be 
constituted by providing a resistance circuit and a 
capacitor circuit each having a fixed value in place of 

25 the variable resistance circuit 84 and variable 

capacitor circuit 85 in the delay circuit shown in 
FIG. 8. 
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Alternatively, instead of the delay circuit shown 
in FIG. 6 or 8, a common simple delay circuit composed 
of an inverter circuit, a resistor, and a capacitor may 
be used with values for the resistor and the capacitor 
5 or the size of the inverter circuit controlled 

according to the chip address. 
(Second Embodiment) 

Now, a second embodiment of the present invention 
will be described. 
10 FIG. 12 shows a detailed configuration of the 

power-on reset circuit 18 in FIG. 1. This power-on 
reset circuit includes a circuit that uses the power 
voltage VCC as a power supply, and a circuit that uses 
as a power supply a boosted voltage VINT obtained by 
15 boosting the power voltage VCC. 

An oscillating circuit (oscillator) 101, a booster 
circuit 102, a VINT-VCC short circuit 103, and other 
circuits operate using the power voltage VCC as a power 
supply. 

20 The booster circuit 102 outputs a boosted voltage 

PMPVINT higher than the power voltage VCC. A low pass 
filter (LPF) 104 and a boosted voltage stabilizing 
capacitance 105 are provided at an output of the 
booster circuit 102. 

25 The low pass filter 104 is composed of, for 

example, a resistor and a capacitor to hinder 
fluctuations in the potential of the boosted voltage 



PMPVINT to smooth this voltage. 

The capacitance 105 hinders fluctuations 
in boosted voltage VINT and stores the boosted 
potential . 

The boosted voltage VINT is supplied to a 
constant current circuit 106, a reference voltage 
circuit (BGR) 107, and a VCC detecting circuit 108 as a 

power supply. 

A VINT detecting circuit 109 monitors the voltage 
PMPVINT and detects that a value for the voltage has 
reached a certain voltage level to generate a power-on 
detection signal PORINT . The power-on detection signal 
PORINT is used to control operations of the constant 
current circuit 106, the reference voltage circuit 107, 
the VCC detecting circuit 108, and other circuits. 

A biasing constant voltage BIASN generated by the 
constant current circuit 106 is supplied to the VCC 
detecting circuit 108 and to the other circuits in 
FIG. 1. 

The reference voltage circuit 107 operates using 
the boosted voltage VINT as a power supply, to generate 
a reference voltage VREF. The reference voltage VREF 
is supplied to the VCC detecting circuit 108 and to the 
other circuits in FIG. 1. 

The VCC detecting circuit 108 monitors the voltage 
VCC and compares the voltage VCC with the reference 
voltage VREF to detect that the voltage VCC has reached 
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a predetermined value certain voltage. The VCC 
detecting circuit 108 then generates a power-on reset 
signal POR' . The power-on reset signal POR' is 
supplied to the oscillating circuit 101, the VINT-VCC 
5 short circuit 103, and other circuits. 

The oscillating circuit 101 starts an oscillating 
operation to generate a clock pulse when a power-on 
detecting circuit 110, described later, detects that 
the VCC power supply has started up, to output a signal 

10 PWONRST n . The oscillating circuit 101 stops the 

oscillating operation when the power-on reset signal 
POR' output by the VCC detecting circuit 108 changes to 
the M H" level. 

The booster circuit 102 performs a boosting 

15 operation in response to a clock pulse to generate a 

boosted voltage PMPVINT from the voltage VCC. Thus, 
the power voltage for the constant current circuit 106 
and the reference voltage circuit 107 can be maintained 
at a certain high voltage level. 

20 Furthermore, the power-on reset circuit shown in 

FIG. 12 is provided with the power-on detecting circuit 
110, an SR-type flip flop circuit 111, delay circuits 
112 and 113, three NAND gates 11 to 116, and four 
inverter circuits 117 to 121. 

25 The power-on detecting circuit 110 detects that 

the power voltage VCC has reached a predetermined value 
or larger after power-on to generate a power-on 
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detection signal PWONRST n . The detection level of the 
power-on detecting circuit 110 is lower than that of 
the VCC detecting circuit 108. The power-on detection 
signal PWONRST n is supplied to a reset input terminal 
5 Rn of the flip flop circuit 111 and to the NAND 

gate 114. 

The power-on detection signal PORINT generated by 
the VINT detecting circuit 109 is supplied to a set 
input terminal Sn of the flip flop circuit 111 and the 

10 NAND gate 115 via the inverter circuit 117. An output 

signal from the flip flop circuit 111 is supplied to 
the inverter circuit 118. An output signal BGRrstn 
from the inverter circuit 118 is supplied to the low 
pass filter 104, the constant current circuit 106, the 

15 reference voltage circuit 107, and the VCC detecting 

circuit 108 as a reset signal and is also supplied to 
the delay circuit 112. The delay circuit 112 delays 
the signal BGRrstn a specified time. An output signal 
BGRenb from the delay circuit 112 is supplied to the 

20 NAND gate 116 together with the power-on reset signal 

POR' . An output signal from the NAND gate 116 is 
supplied to the delay circuit 113 via the inverter 
circuit 121 and to the NAND gate 114. An output signal 
from the NAND gate 114 is supplied to the inverter 

25 circuit 119. An output signal EQVCC n from the inverter 

circuit 119 is supplied to the NAND gate 115 and to the 
VINT-VCC short circuit 103. An output signal from the 



NAND gate 115 is supplied to the inverter circuit 120. 
An output signal from the inverter circuit 120 is 
supplied to the oscillating circuit 101 as a signal 
OSCenb that controls an oscillating operation. 

The VINT-VCC short circuit 103 is composed of an 
inverter circuit 122 to which the signal EQVCC n is 
input, and a D type MOS transistor 123 in which the 
output signal from the inverter circuit 122 is supplied 
to its gate and in which a current passage between its 
source and drain is interposed between the VCC node and 
the PMPVINT node. 

The power-on reset signal shown in FIG. 12 
operates as follows: The power-on detecting circuit 110 
detects a minimum voltage VCCmin required to operate a 
logic circuit composed of the delay circuits 112 and 
113, the NAND gates 114 to 116, the inverter circuits 
117 to 122, and other circuits. Then, the voltage VINT 
starts to boost, which is used by an analog circuit 
composed of the constant current circuit 106, the 
reference voltage circuit 107, the VCC detecting 
circuit 108, and others. When the VINT detecting 
circuit 109 detects that the VINT level has exceeded 
the voltage VCCmin in the analog circuit, the signal 
BGRrstn clears a reset state of the constant current 
circuit 106, reference voltage circuit 107, and VCC 
detecting circuit 108. Subsequently, the power-on 
reset circuit waits for the delay time in the delay 



- 30 - 



circuit 112 until the outputs (BIASN and VREF) from the 
analog circuit is stabilized. After values for the 
constant current generated by the constant current 
circuit 106 and for the reference voltage generated by 
5 the reference voltage circuit 107 have been stabilized, 

the VCC detecting circuit 108 detects the voltage VCC 
to clear the power-on reset signal POR' (clear the 
resetting) . 

After the signal POR' has been cleared, the signal 

10 OSCenb is inactivated on a path composed of the NAND 

gate 114, the inverter circuit 119, the NAND gate 115, 
and the inverter circuit 120. The oscillating circuit 
101 stops its oscillating operation to stop the 
boosting operation of the booster circuit 102. 

15 Furthermore, the output signal EQVCC n from the inverter 

119 turns on the MOS transistor 122 in the VINT-VCC 
short circuit 103 to short-circuit the voltages VINT 
and VCC. Moreover, to avoid the adverse effects of 
fluctuations in voltage caused by the short circuit 

20 between the voltages VINT and VCC, the reset state of 

the power-on reset signal POR is cleared after the 
delay time in the delay circuit 113. The power-on 
reset signal POR is input to the control circuit 19 in 
FIG. 1 to activate a ROM read operation. 

25 In this case, the delay circuit 113, which outputs 

a power-on reset signal POR, is configured so that its 
delay time varies depending on a chip address CADDi 



consisting of a plurality of bits and supplied to a 
plurality of pads. 

Accordingly, timing for clearing the power-on 
reset signal POR can be varied depending on the chip 
address by providing a plurality of memory chips each 
provided with the power-on reset circuit shown in 
FIG. 12 and assigning different chip addresses CADDi to 
the individual chips. As a result, timing for 
activating a ROM read operation is sequentially shifted 
among the memory chips. This prevents current 
consumption from increasing immediately after power-on 
if a plurality of non-volatile memory chips are used, 
as in the case with the first embodiment. 

The delay circuit 113 that can have its delay time 
controlled can be configured as shown in FIG. 6 or 8 . 
(Third Embodiment) 

Now, a third embodiment of the present invention 
will be described. 

FIG. 13 shows a detailed configuration of the 
power-on reset circuit 18 in FIG. 2. The configuration 
of this power-on reset circuit differs only partly from 
that shown in FIG. 12. Thus, only this difference will 
be described, and description of points corresponding 
to FIG. 12 is omitted. 

In the power-on reset circuit shown in FIG. 12, 
the delay time in the delay circuit 113 is varied 
depending on the chip address CADDi. However, in this 
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embodiment, the delay time in the delay circuit 112, 
which delays the signal BGRrstn, is varied depending on 
the chip address CADDi . 

With this configuration, even if the VCC detecting 
circuit 108 detects the voltage VCC to clear the reset 
state of the power-on reset signal POR' , the output 
signal from the NAND gate 116 does not change to the 
"H" level unless the output signal BGRenb from the 
delay circuit 112 changes to the "H" level. 

That is, also in the third embodiment, timing for 
clearing the reset state of the power-on reset signal 
POR varies depending on the chip address CADDi. 

Consequently, timing for clearing the power-on 
reset signal POR can be varied depending on the chip 
address by providing a plurality of memory chips each 
provided with the power-on reset circuit shown in 
FIG. 13 and assigning different chip addresses CADDi to 
the individual chips. As a result, timing for 
activating a ROM read operation is sequentially shifted 
among the memory chips. This prevents current 
consumption from increasing immediately after power-on 
if a plurality of non-volatile memory chips are used, 
as in the case with the second embodiment. 

In the third embodiment, the delay time in the 
delay circuit 112 is controlled, which outputs a signal 
BGRenb supplied to the NAND gate 116 together with the 
power-on reset signal POR' . Consequently, the 
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embodiment is particularly effective if the power 
supply starts up at high speed. 

Also in this case, the delay circuit 112 that can 
have its delay time controlled can be configured as 
5 shown in FIG. 6 or 8. 

FIGS. 14 and 15 show an example of a detailed 
configuration of the constant current circuit 106 and 
reference voltage circuit 107 used in the power-on 
reset circuit in FIGS. 12 and 13. 

10 FIG. 14 shows a configuration of the constant 

current circuit 106. A PMOS transistor 131 having its 
gate and drain connected together, an NMOS transistor 
132, and a diode 133 are connected together in series 
between a boosted voltage VINT node and a ground 

15 voltage node. Further, a PMOS transistor 134, an NMOS 

transistor 135 having its drain and gate connected 
together, and a resistor 136 are connected together in 
series between a boosted voltage VINT node and a ground 
voltage node. The gates of the PMOS transistors 131 

20 and 134 are connected together. The gates of the NMOS 

transistors 132 and 135 are connected together. 
Furthermore, a PMOS transistor 137 and an NMOS 
transistor 138 having its drain and gate connected 
together are connected together in series between a 

25 VINT node and a ground voltage node. The PMOS 

transistor 137 has its gate connected to the drain of 
the PMOS transistor 131. The gate of the NMOS 
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transistor 138 outputs a biasing voltage BIASN . 

The voltage BIASN output by the constant current 
circuit 106 is supplied to a gate of an NMOS transistor 
provided in the VCC detecting circuit 108 or the like 
5 and constituting a current mirror circuit together with 

the NMOS transistor 138. Then, a specified current can 
be provided to this NMOS transistor. 

FIG. 15 shows a configuration of the reference 
voltage circuit 107. A resistor 141 and a diode 142 

10 are connected in series between the reference voltage 

VREF and a ground voltage node. Further, one terminal 
of the resistor 143 is connected to the reference 
voltage VREF node. One terminal of a resistor 144 is 
connected to the other terminal of the resistor 143. 

15 Furthermore, a plurality of diodes 145 are connected 

together in parallel between the other terminal of the 
resistor 144 and a ground voltage node. 

A differential amplifier 146 compares a voltage VA 
at the connection node between the resistor 141 and the 

20 diode 142 with a voltage VB at the connection node 

between the two resistors 143 and 144. An output 
signal from the differential amplifier 146 is supplied 
to a gate of a PMOS transistor 147 having its source 
and drain interposed between a VINT node and the 

25 reference voltage VREF node. 

In this regard, the voltage BIASN output by the 
constant current circuit 106, shown in FIG. 14, is 
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supplied to a gate of an NMOS transistor 148 provided 
in the differential amplifier 14 6. The NMOS transistor 
148 constitutes a current mirror circuit together with 
the NMOS transistor 138 in FIG. 14. Consequently, the 
NMOS transistor 148 acts as a constant current source 
that allows a specified current to flow. 

With this reference voltage circuit, the 
temperature-independent reference voltage VREF is 
obtained by compensating for the temperature 
characteristics of the diode 142 using temperature 
characteristics determined by the resistance ratio of 
the resistors 143 and 144, the resistance ratio of the 
resistors 141 and 143, and the number of diodes 145 
connected together in parallel. 
(Fourth Embodiment) 

Now, a fourth embodiment will be described. 
FIG. 16 is a block diagram showing the internal 
configuration of the power-on reset circuit 18 and 
control circuit 19 in the memory chip shown in FIG. 2. 

The power-on reset circuit 18 is composed of the 
power-on level detecting circuit 18a and the delay 
circuit 18b. 

The control circuit 19 is composed of the 
initialization control circuit 19a and the ROM read 
control circuit 19b. 

In the first to third embodiments, described 
previously, timing for activating a ROM read operation 
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is shifted by controlling the delay time in the delay 
circuit 18b according to the chip address. In 
contrast, in the fourth embodiment, similar effects are 
produced by varying the detection level of the power-on 
5 level detecting circuit 18a depending on an externally 

input chip address. 

Thus, the power-on level detecting circuit 18a is 
configured so that a power voltage detection level can 
be controlled according to a signal input to its pads. 

10 In this case, two bits CADDO and CADD1 are used as a 

chip address. That is, in the fourth embodiment, four 
(2 2 ) memory chips are accommodated in the same package. 

The power-on level detecting circuit 18a provided 
in each of the four memory chips is connected to the 

15 two pads P0 and PI, to which the chip address bits 

CADDO and CADD1, respectively, are supplied. The 
detection level of each power-on level detecting 
circuit 18a is set to vary sequentially depending on 
the chip address CADDO, CADD1 provided to the chip. 

20 For example, the following is assumed: As shown in 

FIG. 17, the detection level of the power-on level 
detecting circuit 18a of the memory chip 1 with the 
chip address (CADDO, CADD1) ("L", V) is set at VI. 
The detection level of the power-on level detecting 

25 circuit 18a of the memory chip 2 with the chip address 

("L", "H") is set at V2 . The detection level of the 
power-on level detecting circuit 18a of the memory chip 
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3 with the chip address ("H", "L") is set at V3 . The 
detection level of the power-on level detecting circuit 
18a of the memory chip 4 with the chip address ("H", 
"H") is set at V4 . The relationship V1>V2>V3>V4 is 
5 established among these detection levels. 

The delay time in the delay circuit 18a is the 
same among the memory chips, so that no substantial 
differences occur among the chips. 

Now, with reference to the timing chart in 
10 FIG. 17, description will be given of operations of a 

non-volatile memory in which non-volatile memory chips 
are provided each of which has the power-on reset 
circuit 18 and control circuit 19 configured as shown 
in FIG. 16. 

15 When the power voltage VCC rises and its value 

reaches the detection value vl of the power-on level 
detecting circuit 18a of the memory chip 1, the reset 
state of a power-on reset signal is cleared which is 
output by the power-on level detecting circuit 18a in 

20 the memory chip 1. Like FIG. 5, FIG. 17 shows the 

power-on reset period in which the power-on reset 
signal remains at the "L" level, as ^power-on". 

Then, when the value for the power voltage VCC 
reaches the detection level V2 of the power-on level 

25 detecting circuit 18a of the memory chip 2, the reset 

state of a power-on reset signal is cleared which is 
output by the power-on level detecting circuit 18a in 
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the memory chip 2 . 

Similarly, when the value for the power voltage 
VCC reaches the detection level V3 or V4 of the power- 
on level detecting circuit 18a of the memory chip 3 or 
5 4, the reset state of a power-on reset signal is 

cleared which is output by the power-on level detecting 
circuit 18a in the memory chip 3 or 4 . 

In this case, the detection level of the power-on 
level detecting circuit 18a is controlled by the 2-bit 
10 signal supplied to the pads for the chip address CADDO, 

CADD1 . Thus, timing for clearing the power-on reset 
signal is sequentially shifted. 

The power-on reset signal output by each power-on 
level detecting circuit 18a is delayed the same time by 
15 the corresponding delay circuit 18b. As in the case 

with FIG. 5, the delay period is shown as "Delay". 
Once the delay period ends, the ROM read control 
circuit 19b outputs a control signal that controls a 
ROM read operation, to activate a ROM read operation. 
20 However, since the timing for clearing the power-on 

reset signal is sequentially shifted among the chips, 
timing for activating a ROM read operation is also 
sequentially shifted among the chips. Thus, the timing 
with which the value for the current consumption of a 
25 ROM read operation exhibits a peak varies among the 

chips. This prevents the current consumption from 
increasing immediately after power-on if a plurality of 



non-volatile memory chips are used. This in turn 
eliminates the possibility of reducing the power 
voltage immediately after power-on, thus avoiding 
degradation of the power supply capability of the 
system. 

FIG. 18 shows an example of a configuration of the 
power-on level detecting circuit 18a in FIG. 16. 

The power-on level detecting circuit 18a is 
composed of two resistors 151 and 152 connected 
together in series between a VCC node and a ground 
voltage node, a PMOS transistor 153 having a gate 
connected to a series connection node A between he 
resistors 151 and 152 and a source connected to a VCC 
node, a resistor 154 connected between a drain of the 
PMOS transistor 153 and a ground voltage node, and a 
waveform shaping circuit 155 which uses the power 
voltage VCC as an operating power supply, which is 
composed of an even number of cascade inverter 
circuits, and in which the potential at a series 
connection node B between the drain of the PMOS 
transistor 153 and the resistor 154 is input to the 
first inverter circuit, with the final inverter circuit 
outputting a power-on reset signal POR. 

In this case, description will be given of 
operations of the power-on level detecting circuit 18a 
configured as described above. The resistance values 
of the two resistors 151 and 152 are defined as Rll and 
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R12, and the absolute value for the threshold voltage 
of the PMOS transistor 153 is defined as Vthp. 

Immediately after power-on, the transistor 153 is 
off, the potential at the node B is at the "L" level, 
5 and the power-on reset signal POR is also at the "L" 

level . 

When the power voltage VCC increases to reach a 
power-on detection level Vi (Vi = (Rll + R12) Vthp / 
Rll), the transistor 153 is turned on to invert the 

10 potential at the node B to XX H" level. The power-on 

reset signal POR is also inverted to the "H" level to 
clear the reset state. 

In this case, to vary the detection level of the 
power-on level detecting circuit 18a depending on the 

15 chip address, the resistance ratio of the two resistors 

151 and 152, connected in series, may be varied. For 
example, the detection level may be varied by fixing 
the resistance value R12 of the resistor 152 and using 
as the resistor 151 a variable resistance circuit 

20 configured as shown in FIG. 10A or 10B. 

(Fifth Embodiment) 

Now, a fifth embodiment of the present invention 
will be described. 

FIG. 19 shows a detailed configuration of the 

25 power-on reset circuit 18 in FIG. 2. This power-on 

reset circuit is configured as shown in FIG. 12 or 13 
except that the detection level of the VCC detecting 
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circuit 108 is varied depending on the chip address. 
Accordingly, in a non-volatile memory with a plurality 
of memory chips, timing for activating a ROM read 
operation is sequentially shifted among the individual 
5 chips . 

Thus, description will be given of only 
differences from the power-on reset circuit shown in 
FIG. 12 or 13. Description of correspondences to 
FIG. 12 or 13 is omitted. 

10 That is, the delay time in the delay circuit 113 

in FIG. 12 or the delay time in the delay circuit 112 
in FIG. 13 is varied depending on the chip address. In 
contrast, in the fifth embodiment, the VCC detecting 
circuit 108 is supplied with the chip address CADDi so 

15 that its detection level varies depending on the chip 

address . 

In the fifth embodiment, timing for detecting the 
power voltage VCC varies among the memory chip, and the 
timing for clearing the power-on reset signal POR' 

20 varies among the memory chips. Thus, the timing with 

which the value for the current consumption of a ROM 
read operation exhibits a peak varies among the chips. 
This prevents the current consumption from increasing 
immediately after power-on if a plurality of 

25 non-volatile memory chips are used. This in turn 

eliminates the possibility of reducing the power 
voltage immediately after power-on, thus avoiding 
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degradation of the power supply capability of the 
system, 

FIG. 20 shows an example of a configuration of the 
VCC detecting circuit 108 in FIG. 19. 
5 The VCC detecting circuit 108 is composed of 

resistors 161 and 162 that divides the voltage VCC, an 
operational amplifier 163 that uses the boosted voltage 
VINT to compare the reference voltage VREF with a 
voltage obtained as a result of the dividing by the 

10 resistors 161 and 162, an NMOS transistor 164 that 

switches a current source in the operational amplifier 
163, an inverter circuit 165 which uses the boosted 
voltage VINT as an operating power supply and to which 
an output from the operational amplifier 163 is 

15 supplied, and a level shifter 166 which uses the 

voltage VCC as an operating power supply and to which 
an output from the inverter circuit 165 is supplied. 

The VCC detecting circuit monitors the voltage VCC 
and detects that the voltage VCC has reached a 

20 predetermined level to change the power-on reset signal 

POR' to the "H" level. 

In this case, to vary the detection level of VCC 
detecting circuit depending on the chip address, the 
resistance ratio of the two resistors 161 and 162, 

25 connected in series, may be varied. For example, the 

detection level may be varied by fixing the resistance 
value of the resistor 162 and using as the resistor 161 
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a variable resistance circuit configured as shown in 
FIG. 10A or 10B. 
(Sixth Embodiment) 

Now, a sixth embodiment of the present invention 
5 will be described. 

FIG. 21 shows the internal configuration of the 
power-on reset circuit 18 and control circuit 19 in a 
memory chip such as the one shown in FIG. 2, in a non- 
volatile memory in which four memory chips are 

10 accommodated in the same package as shown in FIG. 3. 

In the description of the first embodiment, to 
control the delay time in the delay circuit 18b, the 
chip address pads are connected to the delay circuit 
18b. Then, the voltage corresponding to each chip 

15 address is connected to these pads with a bonding wire 

to supply the chip address CADDO, CADD1 to the delay 
circuit 18b. 

In contrast, in the sixth embodiment, no chip 
address pads are provided, but instead, a fuse data 

20 circuit is additionally provided in the power-on reset 

circuit 18 as shown in FIG. 21. The fuse data circuit 
stores the chip address fuse data CADDO, CADD1, 
respectively, and upon power-on, reads and supplies the 
fuse data to the delay circuit 18b. 

25 The fuse data circuit is composed of two fuse 

circuits 18c and 18d. The fuse data circuit 
accommodates fuse circuits the number of which 
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corresponds to memory chips accommodate in the same 
package. For example, if four memory chips are 
provided in the same package, two fuse circuits are 
provided. For eight memory chips, three fuses are 
5 provided, and for 16 memory chips, four fuses are 

provided. 

The fuse data is programmed in the two fuse 
circuits 18c and 18d according to the chip address for 
the memory chip, and is read immediately after power-on 

10 and then supplied to the delay circuit 18b. 

FIG. 22 shows a detailed configuration of each of 
the fuse circuits 18c and 18d in FIG. 21. 

The fuse circuit is composed of a fuse element 
171, a resetting PMOS transistor 172, a fuse data 

15 reading NMOS transistor 173, and a latch circuit 174 

that latches the fuse data, and a waveform shaping 
circuit 175 composed of three inverter circuits 
cascaded together to shape the waveform of an output 
from the latch circuit 174. 

20 The fuse element 171 may be composed of, for 

example, a laser fuse that can be blown when irradiated 
with laser light, an electric fuse that controls a 
current conductive state by electrically breaking down 
a transistor or capacitor element, or the like. 

25 The PMOS transistor 172 is interposed between a 

VCC node and an input node of the latch circuit 174. 
The NMOS transistor 173 is interposed between the input 
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node of the latch circuit 174 and the fuse element 171. 
Further, gates of the PMOS transistor 172 and NMOS 
transistor 173 are each supplied with a power-on reset 
signal POR n which is at the "L" level before the power 
5 voltage VCC reaches a predetermined level and which 

changes to the "H" level when the voltage VCC reaches 
the predetermined level. The VCC detection level at 
which the power-on reset signal POR n changes to the "H" 
level is lower than the VCC detection level in the 

10 power-on level detecting circuit 18a in FIG. 21. 

The fuse circuit configured as described above 
operates as follows: 

After power-on and before the power-on reset 
signal POR n changes to the "H" level, the resetting 

15 PMOS transistor 172 is turned on, and the input node of 

the latch circuit is reset to the "H" level. Then, 
when the power-on reset signal POR n changes to the "H" 
level, the resetting PMOS transistor 172 is turned off 
to turn the fuse data reading NMOS transistor 173 on, 

20 Then, the data from the fuse element 171 is supplied to 

the latch circuit 174. 

In this case, if the fuse element 171 has been 
programmed so as to prevent current from flowing 
through, the reset state of the input node of the latch 

25 circuit 174 is maintained. Thus, the "L" data is read 

into the latch circuit 174, where it is latched. Then, 
W H" level fuse data is output. 
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On the other hand, if the fuse element 171 is 
prograinmed so as to allow current to flow through, the 
input node of the latch circuit 174 is discharged to 
the "L" level. Thus, the "H" data is read into the 
5 latch circuit 174, where it is latched. Then, "L" 

level fuse data is output. 

Then, the 2-bit fuse data is supplied to each 
delay circuit 18b, so that the delay time in the delay 
circuit 18b is controlled so as to vary among the 

10 memory chips. The circuit shown in FIG. 6 or 8 can be 

used directly as the delay circuit 18b. 

Further, the VCC detection level at which the 
power-on reset signal POR n changes to the "H" level is 
lower than the VCC detection level in the power-on 

15 level detecting circuit 18a. Accordingly, the power-on 

reset signal POR output by the power-on level detecting 
circuit 18a does not change to the "H" level before the 
fuse data is read from the fuse data circuit. 
Therefore, the delay circuit 18b can reliably control 

20 the delay time. 

As described above, also in the sixth embodiment, 
the timing for clearing the power-on reset signal POR 
can be varied among the memory chips by varying the 
delay time for the power-on reset signal. Thus, the 

25 timing with which the value for the current consumption 

of a ROM read operation exhibits a peak varies among 
the chips. This prevents the current consumption from 



- 47 



increasing immediately after power-on if a plurality of 
non-volatile memory chips are used. This in turn 
eliminates the possibility of reducing the power 
voltage immediately after power-on, thus avoiding 
5 degradation of the power supply capability of the 

system. 

(Seventh Embodiment) 

Now, a seventh embodiment of the present invention 
will be described. 

10 FIG. 23 shows the internal configuration of the 

power-on reset circuit 18 and control circuit 19 in a 
memory chip such as the one shown in FIG. 2, in a non- 
volatile memory in which four memory chips are 
accommodated in the same package as shown in FIG. 3. 

15 In the description of the first to sixth 

embodiments, a ROM read operation is automatically 
activated upon power-on. However, in the seventh 
embodiment, a ROM read operation is activated in 
response to a signal supplied to a pad for activating a 

20 ROM read operation. Further, the timing for activating 

a ROM read operation varies among the plurality of 
memory chips . 

In the seventh embodiment, as shown in FIG. 23, 
the delay time in the delay circuit 18b in the power-on 

25 reset circuit 18 is not varied depending on the chip 

address but is fixed. A pulse generating circuit 18e 
and a delay circuit 18f are additionally provided in 
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the power-on reset circuit 18. 

A pad PR is connected to the pulse generating 
circuit 18e and is supplied with a ROM read activating 
control signal ROMRDSTT that activates a ROM read 
5 operation. The pads PR of the plurality of memory 

chips are connected together with wires (not shown) . 
Then, the pulse generating circuit 18e generates a 
pulse signal when the control signal ROMRDSTT changes 
from "L" level to "H" level or from "H" level to X> L" 
10 level. This pulse signal is supplied to the delay 

circuit 18f. 

The delay circuit 18f delays the pulse signal. 
Furthermore, the two chip address specifying pads P0 
and PI are connected to the delay circuit 18f so that 
15 delay time in the delay circuit 18f is controlled 

according to the chip address CADDO, CADD1 supplied to 
these two pads, respectively. 

In this case, the relationship between the chip 
address CAADDO, CADD1 supplied to the two chip address 
20 specifying pads P0 and PI of each of the four memory 

chips shown in FIG. 3 and the delay time in the delay 
circuit 18f, provided in each memory chip, is, for 
example, similar to that shown in Table 1. 

An output signal from the delay circuit 18f is 
25 supplied to a ROM read control circuit 19b. This 

signal is used to activate a ROM read operation. 

As shown in FIG. 23, the output from the delay 



circuit 18b with the fixed delay time is also supplied 
to the ROM read control circuit 19b. However, this 
signal is input in order to reset a latch circuit 
provided in the read control circuit 19b, and does not 
activate a ROM read operation. 

Now, operations of the non-volatile memory 
configured as described above will be described with 
reference to the timing chart in FIG. 24. When the 
power voltage VCC rises and its value reaches the 
power-on detection level, the power-on level detecting 
circuit 18a in each memory chip outputs a power-on 
reset signal. FIG. 24 shows the power-on reset period 
in which the power-on reset signal remains at the "L" 
level, as "power-on" . Subsequently, the power-on reset 
signal is delayed by the delay circuit 18b. The delay 
time in the delay circuit 18b is the same for all 
memory chips, and is shown as "Delay". Once this delay 
period ends, the initialization control circuit 19a 
outputs a control signal that controls an initializing 
operation, to initialize the chip internal circuit. 
Furthermore, the latch circuit provided in the ROM read 
control circuit 19b is reset. That is, no ROM read 
operations are activated upon power-on. 

After power-on and while the power voltage VCC is 
being stabilized, the signal ROMRDSTT supplied to the 
pad PR changes from "L" level to "H" level or from "H" 
level to "L" level. Then, the pulse generating circuit 
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18e generates a pulse signal. This pulse signal is 
delayed by the delay circuit 18f . The delay time is 
controlled by the 2-bit chip address CADDO, CADD1 
supplied to the pads P0 and PI, respectively, and is 
5 varied among the four memory chips. The output from 

the delay circuit 18f activates a ROM read operation in 
the ROM read control circuit 19b. Consequently, as 
shown in FIG. 24, the timing for activating a ROM read 
operation is shifted among the chips. 

10 Thus, the timing with which the value for the 

current consumption of a ROM read operation exhibits a 
peak varies among the chips. This prevents the current 
consumption from increasing immediately after power-on 
if a plurality of non-volatile memory chips are used. 

15 This in turn eliminates the possibility of reducing the 

power voltage immediately after power-on, thus avoiding 
degradation of the power supply capability of the 
system. 

It should be appreciated that the present 
20 invention is not limited to the above embodiments and 

that various variations are possible. For example, in 
the above description, the non-volatile memory chips 
are NAND flash memory chips. However, these flash 
memory chips may be of a NOR, DINOR, AND, or another 
25 type. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
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the invention in its broader aspects is not limited 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents 



